Weconducteda study of91 patients with severe-to-prof ound asymmetric hearing loss to assess their satisfaction with digital contralateral routing ofsignal (CROS) or bilateral contralateral routing of signal (BiCROS) hearing aids. Satisfaction was evaluated on the basis of the number of patients who elected to purcha se their hearin g aidfollowing a free 30-day trial and on the results ofa subsequent 8-question survey. Wefound that overallpatient satisfa ction was generally high. At the end ofthe 30-day trial, 66 ofthe 91 patients (72.5%) elected to keep their CROS or BiCROS devi ce, a percentage that isfargreater than the acceptance rates of10 to 20% that had been previously reported with older models ofthe CROS and BiCROS devic es. According to the surv ey responses , those who kept their devices gave them an overall rating of 3.4 on a scale of 1 (very dissatisfied) to 5 (very satisfied); those who returned their devices gave them an overall rating of 1.9.
Introduction
Traditionally, the medical community has not demanded the same level of aural rehabilitation for patients with unilateral or asymmetric hearing deficits as it has for patients with symmetric bilateral deficits . In fact, a still common recommendation for such patients is nothing more than to sit close to and turn the better-hearing ear toward the sound source. However, we do know that individuals with unilateral or asymmetric hearing loss can experience a wide range of hearing difficulties. The seriousness of these hearing deficits varies, depending on the nature and degree of the loss and individual work and social hearing demands.! " Not all individuals who experience these hearing deficits compl ain about them or seek treatment, but those who do often report difficulty listening when speech originates on the side of the worse-hearing ear, difficulty understanding speech in a noisy environment, and difficulty in locating the source of sound. ' The unilateral listener usually has no difficulty communicating with only I person in a relatively quiet environment, but many listening situations occur in environments that include multiple indiv iduals .
Several approaches to aural rehabilitation in patients with unilateral or asymmetric hearing loss have been suggested. Each strategy involves different methods of routing sound to the better ear. These approaches include transcranial sound transmission via high-output in-the-ear or behindthe-ear hearing aids , semi-implantable bone-anchored hearing aids, and conventional contralater al routing of signal (CROS) or bilateral contralateral routing of signal (BiCROS) hearing aids.
CROS and BiCROS devices traditionally have been used for patients with unilateral hearing loss in an attempt to restore the "head shadow effect" and improve sound localization .However, these devices have not gained widespread acceptance for numerous reasons, including performance factors such as ineffectiveness in high ambient noise and distortion. Among the theories that have been proposed to explain the poor performance are inappropriate fitting , poor adjustment, and technical inadequacies.
The performance of eROS and BiCROS devices may improve as a result of developments in digital signal processing. In this article , we describe our study of patient satisfaction with the new digital CROS and BiCROS hearing aid systems. Our goals were to determine whether technologic advancements in digital signal processing have truly enhanced the efficacy ofCROS and BiCROS devices and to identify any shortcomings that may remain .
Patients and methods
We conducted a case review of 104 patients at our institution who had severe-to-profound asymmetric hearing loss and poor speech discr imination scores «40% in the worse ear). Thirteen patients were excluded because they did not meet eligibility crite ria. The remaining group of 91 patient s was made up of 43 men and 48 women , aged 41 to 89 year s (mean: 70.6) . The causes of their hearing los s included Meniere's disease, acoustic neuroma, autoimmune inner ear disease, temporal bone fracture , and noise expo sure. All patients had undergone a full evaluation of their hearing loss, including audiometry, otoacoustic emission testing, elect rocochleog raphy, and brain stemevoked response testing, depending on the individual's underlying etiology.
Of the 91 patients, 9 were fitted with a corded CROS device and 82 with a BiCROS device (figure I), either corded (n =73) or cordless (n =9). No cordle ss CROS device was used in this study. The selection of the specific type of hearing aid was based on audiometric data, configuration of hearing loss, availability, and patient prefer ence.
One week after fitting , patients returned for a follow-up adjustment. Modifications were based on sound-field testing and patient input. A second follow -up was condu cted at the end of a free 30-day trial, at which time patients chose to either purchase their hearing aid or return it without being charged for its use.
Two weeks after the end of the 30-day trial, we mailed a que stionnaire to all patients, regardless of whether the y chose to keep their CROS or BiCROS device . Four weeks later, we mailed follow-up questionnaires to those patients who had not responded to the first questionnaire. Two weeks later, we placed telephone calls to those who had still not responded.
The survey was made up of 8 que stions (figure 2). Responses were quantified on a scale from 1(very dissatisfied) to 5 (very sati sfied).
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Results
At the end of the 30-day trial, 66 patients (72 .5%) elected to keep their hearing aid and 25 (27.5%) returned it (table  I) . Acceptance rate s were high for both the CROS (66.7%) and BiCROS (73.2%) devices. The overall acceptance rate for the corded model s (76 .8%) was high; the acceptance rate for the cordless model was low (33.3%), but only a small number of patient s had received a cordless device.
Among the reason s cited by the 25 patients for returning their device were (1) the new hearing aid was no better than their previous dev ice, (2) the device was too complicated , (3) the device was too expensive, (4) use of the device was hindered by clinical circumsta nces such as otorrhea or otalgia (meaning that the patient was not a good cand idate for the dev ice), and (5) the cord was bothersome. Com pleted questionn aires were received from 34 of the 66 patie nts who accepted their hearing aid (51.5%) and from 9 of the 25 patie nts who returned it (36.0%). Of the remaining 48 patien ts, we were unable to con tact 29, and 19 declined to participate. Five of the 66 patients who had elected to purchase their hear ing aid were not actually using it; taking this finding into considera tion, the true accep tance rate falls fro m 72.5 to 67.0 % (6 1/91) .
The overall mean value for the responses to all 8 questions by all 43 respo ndents was 3.12 on the 5-po int scale. The mea n rating scores were 3.4 for those who kept their device (tab le 2) and 1.9 for those who did not (table 3) . The highest overa ll mean value was 3.6 for the BiCROS corded device, and the lowest was 1.1 for both the CROS and the BiCROS cord less mode ls.
Discussion
The original CROS hearing aid was described by Harford and Barry in 1965 as a prosthesis to assist hearing in patien ts who have one ear that is too impaired to be aided and the other that is normal or nearly normal." One of the effects of the CROS device is that it restores the head shadow effect. It has been demons trated that significant decreases in sound pressure level occur when signals are presented from the poorer-hearing side of the skull. The amount of reduc tion in sound pressure level is freq uency-dependent; the greates t decreases occur at high freq uencies (shorter wavelengths)-that is, frequencies above 1,500 Hz by 7 to as much as 30 dB.8-1O Because consonants are the most informative speech elements and are characteristically carried in the high frequencies, speec h understanding is significant ly degraded in patien ts with significant reductions in sound pressure level. Speec h discrimination is further impaired in patients with asymmetric hearing loss by ambient masking noise and the absence of binaural summation. Individuals with asymmetric hearing lossexperience significant decreases in sound localization, as well as unders tanding, in noise or with sound presented to the poorer side beca use of the head shadow effec t. The head shadow effect is theoretically restored by placing a microphone in the poorer ear and routing sound to the better ear. Modifications of the CROS system have included the introduction of dual microphones to mix and amplify signals from the poorer ear with input to the better ear. 4 ,7 Important to this setup is the use of open ear molds in the better ear to attenuate low-freq uency sounds and reduce occlusion effects in that ear. The acoustic benefit of open ear mold s and the high-frequencyemphasis produced have been shown to improve speec h intelligibility.IIThe additional benefit of permitting greater gain second ary to increased microphone and receiver distance has been postulated. ' Vague preliminary selection criteria for CROS candidacy were orig inally defined by Harford and Dodds.' Their criteria include ( I) the presence of severe unilateral hearing loss with some accompanying loss in the better ear, although not eno ugh to warra nt an ordinary hearing aid; (2) a high demand on listening; and (3) a high level of patient motivat ion." Harford and Barry added that (I) a patient's age at the onset of hearing loss is not a factor in the degree of success or failure of CROS aids, (2) mildgain instruments should suffice forCROS, and (3) the most meaningful factor in helping a patient decide whether to commit to a CROS device is his or her experience while actually using one during regul ar daily activities." Additional research has been done in an attempt to better define the optimal CROS or BiCROS candidate and to impro ve methods of fitting these devices.":"
Despite system modification s, improvements in fitting methods, and some early reports' v" :" describing the benefits of CR OS and BiCRO S hearing aids, their use has remained limited, partly because other reportsI2.14.17 and anecdot al acco unts have detailed minima l benefits, numero us comp laints, and low overa ll success rates. In addition, compariso n studies of CROS and BiCROS with 43 0 other methods of unilateral aural rehabilitation have found the former lacking.P:" Common comp laint s include poor perform ance in high ambient noise and increa sed distortion. Howe ver, the relatively recent development of digital signal proce ssing holds some promi se for impro ving the CROS and BiCROS devices, although few studies have been performed. Although some problems have been positively identified in digital CROS, includi ng inappropriate gain with subsequent good-ear masking, the lack of success is most likely attributab le to a comp lex set of variables that includes poor patient motivation, unrealistic expec tations , limited impairment, and other as yet unidentified factors."
Our study demonstrated that patient satisfaction with the new generation of digital CROS and BiCROS hearing aids was higher than that seen in previously reported studies. The acce ptance rates in our study ranged from 33.3 to 78.1%, compared with only 10 to 20% for analog device s." Furthermore, our study demonstrated that the corded devices are more popular than cordless models, which is consi stent with other reports in the literat ure."
In addition to the benefits of digital technology, the high level of acceptance of these hearing aids in our study can be attributed to appropriate candid ate selection, proper fitting, and close follow-up. Therefore, we believe that CROS and BiCR OS corded hearing aids shou ld again be offered as a viable alternative for patient s with asymmetric sensorineural hearing loss.
in the origina l report by Vawter and Tefft,10 and the other!' involved a child who had experienced four recurrences that required additional resec tions, including one of the orbital floor and maxilla. In most reports in the literature, follow-up has not excee ded 2 years, although Vawter and Tefft described I patient who was disease-free 9 years postoperatively. 10 The case we describe herein provides further evidence that surgical excisi on without postoperative chemo-or radiotherapy is sufficie nt for curative treatment. Although our patient' s follow -up MRI at I year demonstrated an area of concern, he was in fact disease-free.
